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Introduction
Finger amputation is sometimes unavoidable in the
treatment of non-healing ulcers in patients with
Buerger's disease. In this report, we describe a rela-
tively simple and effective technique of therapeutic
angiogenesis. Our findings suggest autologous bone
marrow transplantation can be used to salvage ische-
mic fingers in a general hospital setting.
Case Report
A 37-year-old man was admitted to our hospital in July
2001 with a 6-month history of non-healing ulcers on
the fingers of his right hand (Fig. 1A) and a chronic
abscess on his left thumb. The patient smoked until 7
years ago, but he had no history of hypertension,
diabetes, or hyperlipidemia. He had undergone finger
amputation seven times, and sympathectomy had
been performed 7 years ago. Antiplatelet agents, anti-
coagulants, prostaglandins, and vasodilators had been
administered, but none of these drugs had healed the
ulcers or controlled the pain. Measurement of the skin
perfusion pressure by laser Doppler revealed poor per-
fusion to the fingers. Arteriography revealed multiple
palmar and digital occlusions with corkscrew-shaped
vessels (Fig. 2A, C). Systemic sclerosis and other con-
nective tissue diseases were excluded, as were arterio-
sclerosis obliterans and arterial embolization. Based on
these arteriographic and clinical findings, Buerger's
disease was diagnosed. We concluded that revascular-
ization surgery could not be successfully performed to
treat the non-healing ulcers because the distal vessels
showed extensive disease.
To salvage his fingers, the human research commit-
tee at our hospital authorized our protocols for
autologous bone marrow transplantation, and a case
committee at our hospital permitted us to perform
bone marrow transplantation with the informed con-
sent of the patient. The human research committee did
not approve of the labeling of bone marrow cells, nor
did it approve of histological examination, because
cell labeling may cause cell damage, while scars
from biopsy may cause ulcers, resulting in subsequent
finger amputation.
Bone marrow cells (800 ml) were obtained from the
iliac crest and mononuclear cells were isolated using a
Baxter CS3000 plus system according to the manufac-
turer's directions. By this method, 2 1010 mononuc-
lear cells were obtained in a volume of 30 ml. Cell
surface maker analysis using a fluorescence cell sorter
revealed that 4.2% of these cells were CD34 positive.
These mononuclear cells were injected into the fore-
arm muscles (in 0.5-ml aliquots) as well as into the
palmar and interosseous muscles (in 0.2-ml aliquots)
in a total of 50 sites on both hands.
After 3 days, the color of the forearm changed from
ischemic dark red to normal pink, followed by a
change of the palmar skin color. By day 14 after the
bone marrow transplantation, the ulcers had been
covered by a thin skin and his pain had resolved.
Skin perfusion pressure was measured using a laser
Doppler scanner (Getz Bros. Chicago, IL, U.S.A.)
according to the manufacturer's protocol.1 Briefly,
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the patient was placed in the supine position in a quiet,
draught-free laboratory, controlled for temperature
and humidity (24 1 C; relative humidity 30±40%)
in the morning at about the same time of day. The
patient had had a light breakfast, avoiding fatty
foods and caffeine, and had abstained from vigorous
exercise since the previous evening. After brachial
blood pressure was obtained, the laser Doppler skin
perfusion cuff was applied to the fingers. The cuff was
inflated to 20 mmHg above the brachial systolic pres-
sure. The cuff was then deflated in 10 mmHg-stepwise
decrements every 5 s to a pressure of 50 mmHg. Sub-
sequent deflation proceeded in 5 mmHg-decrements
every 15 s until the laser Doppler output increased for
two consecutive pressure values. The pressure at
which this first occurs was recorded as the skin perfu-
sion pressure. Following treatment, a marked increase
in the skin perfusion pressure was observed in the
fingers of both the right (Fig. 3A) and left hands
(Fig. 3B). The skin perfusion pressure of the right 3rd
finger increased from 45 to 100 mmHg, while that of
the 5th finger increased from 30 to 60 mmHg. The
transcutaneous oxygen pressure (TcPO2) was mea-
sured following the measurement of skin perfusion
pressure. To do this, the skin was cleaned with alcohol
and the probe temperature was maintained at 45 C.
Readings were recorded after the TcPO2 had been
stable for 10 min.2 The TcPO2 of the right palm had
increased from 37 to 41 mmHg following treatment,
while the left palm had increased from 40 to 52 mmHg.
We could not measure the TcPO2 of the fingers because
the patient complained of heat pain and it may results in
a low temperature burn. Next, the blood pressures of
the brachial and radial arteries were measured using an
8 MHz Doppler scanning probe. The measurements
were performed twice by the same observer without
removing the cuffs. We found that the radial/brachial
pressure index had increased from 0.79 to 0.88 on the
right hand and 0.92 to 0.93 on the left hand following
treatment.
By day 120, the ulcers had been covered by normal
skin (Fig. 1B). Angiography performed on this day
revealed new collateral vessels and dilatation of the
pre-existing vessels (Fig. 2B, D). Morphometric angio-
graphic analysis of collateral vessel development was
performed.3 To assess the number of collateral vessels,
we used a grid overlay comprised of 2.5 mm-diameter
circles arranged in rows spaced 5 mm apart. This
acetate overlay was placed over the angiogram at the
A B
Fig. 1. Previously non-healing ulcers (A, arrows) had become covered by normal skin by day 120 (B).
A                      B                     C                  D
Fig. 2. Arteriography of the right hand (A, B) and the left hand (C,
D). Before bone marrow transplantation (A, C). Comparison of
arteriography performed with that performed on day 120 revealed
the formation of new collateral vessels and the dilatation of pre-
existing vessels (B, D).
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